A series of 212 prostate specimens of men dead between August 2002-August 2004, have been sectioned in consecutive autopsies and subjected to whole mount analysis in purpose to determine the epidemiology of impalpable prostate cancer in Greece. Impalpable prostate carcinomas were found in 40 cases (18.8%) most in the peripheral region. In all, 29 of 40 impalpable cancers (70.7%) had volume less than 1 cm 3 . Most of impalpable carcinomas were of favorable (Gleason score 2-4) or intermediate (Gleason score 5 and 6) histological type (55 and 27.7%, respectively) while only five (12.5%) were undifferentiated (Gleason score 7 and 8). In all, 24 (60%) of the 40 impalpable carcinomas were multifocal and consisted of two or more foci, most of small size (o0.5 cm 3 ). Most of the impalpable cancers found in this autopsy study were potentially insignificant tumors (relatively low volume, favorable or intermediate histological pattern and absence of invasiveness). Prostate intraepithelial neoplasia (PIN) coexisted with impalpable carcinomas, in almost half of the cancer-positive specimens. There was a positive correlation between PIN foci and coexistent cancer foci in most of the cases. Frequency rate and pathological features of both entities show significant variations in medical literature. Since the incidence of clinical prostate cancer in Greece is relatively low, and according to our autopsy findings, it is plausible that the frequency of clinical prostate cancer in a certain population could be related to the prevalent model of impalpable cancer as well as to the frequency and extend of the precancerous lesions.
Introduction
Autopsy performed for epidemiological purposes provides an accurate measure of the occurrence of prostate carcinoma. There are quite few studies published up-to-date, with significant differences on the studied variables and occurrence of prostate carcinoma. Furthermore, it is generally agreed that racial and geographic characteristics play an important role on the incidence of the disease. To our knowledge, there is only one autopsy study for the Greek population and studies on prostate cancer pathology are scarce in Greek literature.
Purpose
The present study investigates the incidence and histological features of impalpable prostate carcinoma and of prostate intraepithelial neoplasia (PIN) in autopsy material in Greek male population and also compares our results with current medical literature.
Materials and methods

Study population
The study was done in 212 consecutive autopsies of men above 30 and o98 years of age, born and living in Greece, who died, (between August 2002 and August 2004), of diseases other than carcinoma of the prostate and related conditions. Patients with abnormal prenecropsy digital rectal examination (DRE), patients with history suspicious of prostate cancer and patients found with macroscopic foci of cancer in any organ were excluded. There was no discretion in profession, social class, place of birth and death cause. The associations of prostate cancer and precancerous conditions were assessed with parametric and nonparametric statistical methods. A comparison of prevalence rates of cancer and PIN in our study's Greek male population has also been made in confront to other Caucasian male populations as reported by other autopsy studies.
Sample removal and processing
The whole prostate and seminal vesicles were removed with accuracy. The specimens were weighted, measured in three dimensions (width Â height Â length), numbered and registered. The surface of the two lobes was colored in different colors (red and blue ink for right and left lobe, respectively) and fixed in acetic acid. A 10% solution of formalin was injected uniformly per cm 3 into the gland and every single specimen was then immersed in formalin solution allowed to rest for 3 days for fixation purposes. Seminal vesicles were removed and sectioned through the base. Base and apex were also removed by transversal sections and the slices were cut at 4 mm intervals. The rest of the two lobes were divided and step sectioned at 4 mm intervals perpendicular to the long axis of the gland. Pieces were postfixed, resectioned, dehydrated, cleared in xylene and embedded in paraffin. 1 Microscope slides were numbered, registered and examined by an expert pathologist.
Histological assessment
The presence of impalpable cancer and PIN was recorded. The diagnosis of prostate cancer was based on a constellation of histological (irregular acinar growth, irregular edge and arrangement, different dimensions, with varied distance between acini and absence of basic cells) and cytological features (large hypercromatic nuclei, sizeable nucleoli, and frequent mitoses) according to the WHO classification system. 2 Cancers were classified according to the Gleason scoring system. Cases of multifocal tumors were classified according to the prevalent histological model of the larger focus (index tumor). 3 The diagnosis of PIN was also based on a constellation of histological features.
2,4
Results
As 40 of the 212 specimens, were positive for prostate cancer, the frequency of impalpable carcinoma of the prostate in our study population was 18.8%. An increasing frequency according to age was observed. Major prevalence of impalpable cancer was observed in men of the eight and ninth decade. Difference in prevalence between age groups 4, 5, 6, 7 (30-69 y.o.) and 1, 2, 3 (470 y.o.) was found to be of statistical significance (Po0.001) ( Table 1) .
Carcinomas obtained from specimens of age groups 1, 2, and 3 (470 y.o.) showed notable differences in histological differentiation (Gleason score 2-8), while carcinomas found in the prostates of younger men showed a notable similarity on histological grade with the majority of them being highly differentiated (Gleason score 2-4) ( Table 2) .
Most cancers found in specimens obtained from elderly men had a tumor volume above 1 cm 3 , while almost all specimens obtained from younger individuals carried cancers of volume o1 cm 3 ; however, no statistical significance was found between age, tumor volume, and histological differentiation (P ¼ 0.215 and 0.211) ( Table 3) .
Of 40 impalpable cancers, 87.5% (35 cases) were found exclusively in the peripheral zone, 2.5% (one case) exclusively in the transitional zone and 10% (four cases) in both peripheral and transitional zones (multifocal tumors). Transitional and peripheral zone cancers were nearly equivalent in terms of tumor volume and Gleason score. In all, 29 out of 40 cancers (70.7%) had an overall volume o1 cm 3 . The largest impalpable prostate cancer was a multifocal tumor which had an overall volume of 4.2 cm 3 and was found in a prostate of 105 cm 3 . Most carcinomas had a Gleason score between 2 and 6 (87.5%) while only five carcinomas (12.5%) had a seven or eight Gleason score. There was a clear correlation (Po0.001) between tumor volume and histological differentiation: most tumors 41 cm 3 in volume showed intermediate and poor differentiation while most tumors smaller than 1 cm 3 in volume showed histological characteristics of favorable type (Table 4) .
Of the 40 cancers, 36 (90%) occupied less than the 5% of the total volume of the prostate gland and would be classified as of stage T1a if diagnosed during lifetime. Most of these hypothetical T1a cases (27) would probably have been considered as insignificant tumors because of their histological features (relatively low volume, (Table 5) . Multifocality was frequent in impalpable prostate cancer: 24 (60%) of the 40 carcinomas were composed of two or more small tumour foci (o0.5 cm 3 ). Multifocal cancers showed a relative homogeneity: primary Gleason grade of the index tumor corresponds to the primary Gleason grade of the other foci in 65% of the specimens. It is worth noting that only the larger (41 cm 3 ) multifocal tumors (composed by more than four foci) showed a considerable heterogeneity. PIN foci were found in the peripheral zone of the gland (91%), often in close proximity to foci of adenocarcinoma of the prostate (Table 6) .
PIN began to manifest in the male population after the 3rd decade, was more frequent in the prostates of age groups 3 and 4, and less frequent in the prostates of elderly men men. Furthermore PIN was unifocal in the prostates obtained from younger men while became multifocal in the elderly. The PIN lesions showed a normal distribution within age groups (with a peak at 70-79 y.o.) when confronted to the linear distribution of prostate cancer. A statistically significant cross-correlation was found among PIN and prostate cancer volume (more evident in multifocal tumors, Po0.001 in both parametric and non parametric analysis). There were no statistically significant differences in Gleason score between tumors coexistent with PIN and of tumors without precancerous lesions (P40.05) ( Table 7) . In specimens that presented with both lesions (PIN and cancer), the presence of PIN lesions was related to the histological differentiation of the concomitant tumor, but further analysis revealed no statistical significance (P40.05). There was no relation between the presence of PIN and local invasiveness of the concomitant tumor (capsular penentration and perineural as well as perivascular invasion). Although most cases of PIN were found in enlarged prostates, no statistical significant cross-correlation was observed (P40.05), between PIN and benign prostate hypertrophy.
Discussion
The incidence of prostate cancer in Caucasian Mediterranean males, 5, 6 is substantially lower when compared Frequency of impalpable prostate adenocarcinoma and precancerous conditions K Stamatiou et al to that of Caucasian males of Central and Northern Europe 7-10 and other Western countries. 11, 12 According to our findings, the prevalence of impalpable prostate cancer found in autopsy in Greece, has increased since the last two decades (18.8% vs 14.8%), as indicated by the only evidence (to our knowledge), of an autopsy study ever conducted in Greece. 13 This finding could represent a global trend in prostate cancer frequency, due to a true increment in prevalence of the disease itself and/or the ageing of the population. 14, 15 It is worth noting that, most of the impalpable cancers, likely to progress and become clinically significant (advanced Gleason score, greater volume) were found in elderly men. Age-related increase in the prevalence of prostate cancer found in autopsy, has been well-documented in several studies but is not similar worldwide. 16 In addition, the frequency of small carcinomas found in autopsy is about 12% in all the areas investigated and does not vary with age. 6 On the contrary, rates for larger carcinomas found in autopsy, increase with age and show an area-to-area variation resembling that of clinical carcinoma of prostate, 9 thus larger tumors found in autopsy, are common among Western elderly men 10, [17] [18] [19] while most elderly Asian men have carcinomas less than 1 cm in diameter. 20 Similarly, the frequency of infiltrative tumors is frequent in America (particularly among African-Americans) and Northern Europe, while is currently rare in Asian countries. 24, 21, 22 The earlier onset of those cancers more likely to become clinically significant (advanced Gleason score, greater volume and extensiveness), which is evident in some necropsy studies, explain the increase in frequency of clinical prostate cancer in those countries. 23, 24, 25 The statistically significant difference in age distribution and frequency of infiltrative cancer observed in our study, may explain the relatively low incidence of clinical prostate cancer in Greece. Since age groups 4-6 consist the main age group of PSA (Prostate Specific Antigen) screening, the low frequency of prostate cancer in these groups, may reflect the effect of PSA screening. Several studies examining the largest tumor perprostate have suggested that biologic behaviour is closely related to volume and histological grade. 26, 27 Reports on the level of homogeneity among multifocal prostate cancers as found in literature in several studies, show great variation, ranging from 41 to 68%. [27] [28] [29] In our study, multifocal tumors were frequent and composed of small foci (o0.5 cm 3 ). The level of homogeneity (as calculated by the correspondence rate of the various foci with the prevalent histological model of the larger focus/index tumor), was 65%. Since, larger-volume cancers are the carcinomas that progress more rapidly to become clinically significant, 30 the proportion of small volume homogeneous multifocal tumors in a certain population could be related to the transformation rate from histological to clinically significant cancer and thus to the frequency of clinical prostate cancer. Epidemiological and morphometrical characteristics of PIN (frequency rate, age-specific autopsy prevalence, and number) vary in several studies: PIN is higher in African-American males compared to Caucasian and Asian males, [31] [32] [33] [34] while differences have been reported even among Caucasian men, with a lower prevalence of PIN in Mediterranean populations. 35 
Conclusions
Microscopic foci of impalpable cancer and precancerous lesions can be documented in Greek males from the 4th and 3rd decade of life-respectively-onwards. The lesions become more frequent and extensive as age increases. The frequency of both lesions seems to be similar to other Caucasian Mediterranean males and significantly lower, than in northern European and American males in all the age groups evaluated. Since most impalpable cancers found within the necropsy material were characterized by small volume, favorable histological type, and low invasiveness, the relatively low frequency of prostate cancer in Greece could be associated to the morphologic features of impalpable cancer in Greek male population. Differences on number and extension of PIN foci among autopsy studies on other ethnic groups may reflect similar associations in the epidemiology of clinical prostate cancer.
